Vector meson photoproduction processes near threshold by Oh, Y
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FIG. 1: Three mechanisms for vector meson (V = ; !; )
photoproduction: (a) Pomeron, (b) one-meson exchange, (c)
and (d) s- and u-channel intermediate nucleon diagrams.
exchange, one-meson (, , ) exchange, and the mech-
anism involving an intermediate nucleon in s- and u-
channel (called nucleon exchange from now on).
A. Pomeron exchange
We rst consider the Pomeron exchange depicted in
Fig. 1(a). In this process, the incoming photon rst con-
verts into a qq pair, which interacts with the nucleon by
the Pomeron exchange before forming the outgoing vec-
tor meson. The quark-Pomeron vertex is obtained by the
Pomeron-photon analogy [1], which treats the Pomeron
as a C = +1 isoscalar photon, as suggested by a study of



































































=4, m and m
0
are the spin projections
of the initial and nal nucleons, respectively [1{3, 24].
Here we denote the four-momenta of the initial nucleon,
nal nucleon, incoming photon, and outgoing vector me-
son by p, p
0




(V ) and "

()
are the polarization vectors of the vector meson and
the photon, respectively. The Mandelstam variables are
s = W
2
= (p + q)
2














the isoscalar electromagnetic form factor of the nucleon.






















The Pomeron trajectory is taken to be the usual form

P













is the vector meson decay constant. The pa-
rameters are chosen to reproduce the total cross section
data at high energies E

 10 GeV where the total cross
section of vector meson photoproductions are completely
dominated by the Pomeron-exchange.
B. Meson and nucleon exchanges
For the one-meson exchange (t-channel) diagram of
Fig. 1(b), we consider scalar and pseudoscalar meson ex-
changes. The vector meson exchange is not allowed in
this process and the possible exchange of axial vector
mesons [5] is suppressed at low energies mainly because
of their heavy masses and small coupling constants. We
also include the nucleon exchanges in s- and u-channel
as in Fig. 1(c,d). Those production amplitudes can be































































































































































with the photon eld A

, where , , 








, eta, rho, and omega meson elds,
respectively.





from the experimental partial widths [29] of the vector









0:35. To account for the eects due to the nite hadron
size at each vertex, the resulting Feynman amplitudes are





































0:9) in GeV unit [30].



















γ p → ρ p























γ p → ρ p
Eγ = 2.8 GeV
FIG. 2: (Left panel) Total cross section of  photoproduc-
tion. The experimental data are from Refs. [13, 34{36].
(Right panel) Dierential cross sections of  photoproduction
at E

= 2:8 GeV. The data are from Refs. [37, 38].
The scalar () meson exchange was introduced to de-
scribe the  photoproduction [7].
1
This can be considered
as an eective way to account for the two- exchange in
 production, which is expected to be signicant because





use the parameters of Ref. [7] and g
V 
' 3:0 to repro-
duce the total cross sections of  photoproduction near
threshold. We do not consider the  exchange in ! and 
photoproductions, since the radiative decays of these two




are much weaker. This could
be understood by considering the current-eld identity
[7]. (See also Ref. [30].)
The nucleon exchange terms, Fig. 1(c,d), are obtained





constants are determined from the studies of N scat-
tering and pion photoproduction [32]. In this study, we
do not consider the nucleon exchange in  photoproduc-
tion by assuming g
NN
 0 due to the OZI rule. This
topic will be discussed in Sec. IV. The form factor F
V
for V NN and NN vertices is assumed to be of the form
















where r = (s; u) with 
VNN
' 0:8 GeV. The gauge
invariance is restored by projecting out the gauge non-
invariant part.
C. Results
With the production amplitudes given above, we have
explored the extent to which the existing data of vector
meson photoproductions can be described by the non-
resonant (background) mechanisms.
1
One can describe the  photoproduction data by the exchange
of f
2
trajectory instead of  exchange [2, 31].


















γ p → ω p




















γ p → ω p
Eγ = 1.45 GeV
FIG. 3: Total and dierential cross sections of ! photoproduc-
tion. The experimental data are from Refs. [13, 34, 37, 38].
The  photoproduction cross sections are calculated
from the amplitudes due to Pomeron, ,  exchanges
and the nucleon exchange. In the left panel of Fig. 2 we
show that the calculated total cross sections (solid curve)
agree to a very large extent with the data up to E

= 10
GeV. The important role of the  exchange (dot-dot-
dashed curve) near threshold is also shown there. The
dynamical content of the model can be better seen by
investigating angular distributions. For example, given
in the right panel of Fig. 2 is the angular distributions of
the dierential cross sections at E

= 2:8 GeV. We see
that the contribution from the nucleon exchange (dot-
ted curves) becomes dominant at large scattering angles.
Therefore, precise measurements of the dierential cross
sections in the backward scattering region will shed light
on the role of the intermediate nucleon states.
The ! photoproduction cross sections are calculated
from the Pomeron,  and  exchanges, and the nucleon
term. The predicted total and dierential cross sections
are compared with the data in Fig. 3. We see that
the one-pion exchange (long dashed curves) dominates
! photoproduction up to E

 6 GeV. The predicted
total cross sections somewhat underestimate the recent
SAPHIR data in the E

 2 GeV region where the mech-
anisms involving the excitation of nucleon resonances are
expected to play some roles. Similar to the case of  pho-
toproduction, the nucleon-term dominates at large jtj.
For  photoproduction, we consider the Pomeron and
pseudoscalar meson ( and ) exchanges only. We refer
the calculations on the scalar meson exchanges and direct
 radiation arising from the non-vanishing NN coupling
to Ref. [30] and the eects of non-vanishing strangeness
of the nucleon to Refs. [22, 24]. In Fig. 4 we show that
the predicted total and dierential cross sections agree
well with the very limited data. Contrary to the cases of
 and ! photoproductions, the Pomeron exchange (dash-
dotted curves) gives the major contribution to the total
cross section even at energies near threshold. This is
mainly due to the fact that the coupling of the  to the
nucleon is suppressed by the OZI rule. The contributions
from  and  exchanges are also found to be small.















γ p → φ p



















γ p → φ p
Eγ = 2.0 GeV
FIG. 4: Total and dierential cross sections of  photopro-
duction. The experimental data are from Refs. [34, 39].
III. NUCLEON RESONANCES IN !
PHOTOPRODUCTION
The role of the nucleon excitations in vector meson
photoproduction was studied recently by Zhao et al.
[18, 40] using an eective Lagrangian method within the
SU(6)  O(3) constituent quark model. In this work,
we are motivated by the predictions by Capstick and
Roberts [41, 42]. They started with a constituent quark
model which accounts for the conguration mixing due
to the residual quark-quark interactions [43]. The pre-
dicted baryon wave functions are considerably dierent
from those of the SU(6)O(3) model employed by Zhao
et al. in Refs. [18, 40]. The second feature of the pre-
dictions from Refs. [41, 42] is that the meson decays are





model. Thus it would be interesting to see how
these predictions dier from those of Refs. [18, 40] and
can be tested against the data of vector meson photo-
production. We will focus on ! photoproduction in this
work, simply because its non-resonant reaction mecha-
nisms are much better understood.
In order to estimate the nucleon resonance contribu-
tions we make use of the quark model predictions on





! !N reported in Refs. [41, 42] using a
relativised quark model. We calculate the s-channel di-
agrams only since the crossed, u-channel, N

amplitude
cannot be calculated from the informations available in
Refs. [41, 42]. In this study, we consider 12 positive parity
and 10 negative parity nucleon resonances up to spin-9=2.
Most of them are \missing" so far. The resonance param-
eters taken from Refs. [41, 42] can be found in Ref. [20]
with the other cuto parameters. Here we should also
mention that we can not account for the resonances with
its predicted masses less than the !N threshold, since
their decay vertex functions with an o-shell momentum
are not available. (See Ref. [44] for the contributions
from the N

's below the threshold.)
The total resonance eects are shown in Fig. 5. The
solid curves are from our full calculations, while the dot-
ted curves are from the calculations without including
N

excitations. The results shown in Fig. 5 indicate that
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FIG. 5: Dierential cross sections for the p! p! reaction as
a function of jtj at dierent energies: E

= (a) 1:23, (b) 1:45,
(c) 1:68, and (d) 1:92 GeV. The solid and dotted curves are
calculated respectively with and without including N

eects.
Data are taken from Ref. [13].
it is rather diÆcult to test our predictions by consider-
ing only the angular distributions, since the N

's inu-
ence is mainly in the large scattering angle region where
accurate measurements are perhaps still diÆcult. On
the other hand, the forward cross sections seem to be
dominated by the well-understood pseudoscalar-meson
exchange and Pomeron exchange. Therefore, one can
use this well-controlled background to examine the N

contributions by exploiting the interference eects in the









(1960) are the largest at all
energies considered in Fig. 5.
To further facilitate the experimental tests of our pre-
dictions, we have investigated spin observables. We have
identied two polarization observables which are sensitive
to the N

contributions at forward angles, where precise
measurements might be more favorable because the cross
sections are peaked at small jtj. Shown in Fig. 6 are the
parity asymmetry P





at  = 0, where  is the scattering angle in
the center of mass frame. One can nd the sensitivity of
those asymmetries on the nucleon resonances. Therefore
experimental test of our predictions will be a useful step
toward resolving the so-called \missing resonance prob-
























FIG. 6: Parity asymmetry P

at  = 0 as a function of W .
The dotted curves are calculated without including N

eects,









(1960) only, and the solid curves are calculated with all
N





If we assume the ideal mixing of the  with the !,
the direct coupling of the nucleon and the  should be
suppressed by the OZI rule. In nature, the deviation
from the ideal mixing is very small and the direct NN
coupling should be very small, although not vanish. In
this Section, we discuss the eective NN coupling in 
photoproduction. For this purpose, we use the eective
Lagrangian for the NN interaction as in Eq. (5).
Even if we assume the ideal mixing between the  and
the !, non-vanishing eective NN coupling is allowed
by the kaon loops and hyperon excitations. The esti-
mated NN coupling is very small, g
NN
'  0:24 [45],
which is consistent with the OZI rule prediction. How-
ever the analyses on the electromagnetic nucleon form
factors [46{48] and the baryon-baryon scattering [49] fa-
vor a large NN vector coupling constant which strongly




=  0:3   0:43,
therefore g
NN
=  2:3   4:7 with g
!NN
= 7:0  11:0
[32]. In our study the nucleon pole terms are responsible
to the  photoproduction at large jtj and we nd that
jg
NN
j = 3:0 can reproduce the recent CLAS data [50],
which is consistent with the Regge trajectory study of
Ref. [51].
In Fig. 7, we compare our predictions with the recent
CLAS data [14] by assuming g
NN
=  3:0. The role of
the tensor coupling is found to be negligible if 

< 1.
We also found that vector meson density matrix and some
asymmetries are sensitive to the phase of the NN cou-
pling constant. As an example, we present our prediction
of the parity asymmetry P

and the photon polarization
asymmetry 

in Fig. 8. The details can be found in
Ref. [50].
V. SUMMARY AND DISCUSSION
In this paper, we briey review models to understand
the production mechanism of vector meson photoproduc-






























Eγ = 2.0 GeV Eγ = 3.6 GeV
FIG. 7: Dierential cross sections of  photoproduction at
E

= 2:0 GeV and 3:6 GeV. The results are from Pomeron ex-
change (dashed), pseudoscalar-meson exchange (dotted), nu-
cleon pole terms with g
NN
=  3:0 (dot-dashed), and the full
amplitude (solid). The experimental data are from Ref. [39]
(lled squares) and Ref. [14] (lled circles).
tion near threshold. We rst discuss models based on the
Pomeron, meson, and nucleon exchanges. With those
background amplitudes, the role of nucleon resonances is
studied in ! photoproduction and we found that measur-
ing polarization asymmetries is very useful to identify the
contributions from the nucleon resonances. The eective
NN coupling is also discussed within  photoproduc-
tion. The results show that the recent CLAS experiment
could be understand by a fairly large NN coupling con-
stant. Other physical quantities are suggested to conrm
and test the model predictions.
Finally we have to mention that the extraction of N

parameters from experimental data depends strongly on
the accuracy of the nonresonant amplitudes. Therefore,

















FIG. 8: Parity asymmetry P

and the photon polarization
asymmetry 

in  photoproduction at E

= 3:6 GeV with
the full amplitude. The solid lines are with g
NN
=  3:0 and
the dashed lines with g
NN
= +3:0.
6it is legitimate to develop a dynamical model for the
coupled-channel eects, which should satisfy the unitar-
ity condition [52, 53]. The importance of the nal state
interaction to extract the direct NN coupling should
also be studied. Together with those theoretical stud-
ies, it is very crucial to test the models by experiments.
Therefore, experimental research at, for example, TJ-
NAF and SPring-8 would be very important to under-
stand the production mechanisms of the electromagnetic
production of vector mesons and the hadron structure.
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